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Abstract
The electroweak model with right-handed neutrinos is investigated in detail. By intro-
ducing a Z Z
0
mixing angle , the exact physical eigenstates for neutral gauge bosons
are obtained. Because of the mixing there is a modication to the Z coupling propor-
tional to sin. Data from the Z decay allows us to x   0:0122. Using experimental
input from 

  e elastic scattering we get the mass of the new neutral gauge boson
Z
0
to be greater than 228 GeV. From the symmetry-breaking hierachy a bound for the
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I. Introduction
In the Standard Model (SM) [1], each generation of fermions is anomaly-free. This is
true for many extentions of the SM as well, including popular grand unied models [2].
In these models, therefore, the number of generations is completely unrestricted on
theoretical grounds.
Recently, interesting class of models in which each generation is anomalous but
dierent generations are not exact replicas of one another, and the anomalies cancel
when a number of generations are taken into account has been proposed [3]. The most









, has been proposed by Pisano, Pleitez and Frampton [4] (for further
work on this model see Refs. [5]- [6]). The original model did not have right-handed
neutrinos, but recently we have included them in a non-trivial way in an interesting
variation of the model [7]. We pointed out that this model is simpler than Pisano-
Pleitez-Frampton model. The reason is that less Higgs multiplets are needed in order
to allow the fermions to gain masses and to break the gauge symmetry. In principle,
this model also restricts the number of possibilities for Higgs sector CP violation. In
this paper, we consider this model in detail.
This paper is organized as follows. In Sec. II we consider the model and Yukawa
interactions as well as symmetry breaking. In Sec. III we study the gauge bosons. The
charged and neutral currents are given in Sec. IV. In Sec. V detailed phenomenological
analysis of the neutral current sector of this model are obtained. Finally our conclusions
are summarized in the last section.
II. The 331 model and Yukawa interactions


















), three charged leptons (e; ;  ), four quarks with charge
2/3, and ve with -1/3. In this model, the representations of quarks are the same as
Ref. [7].






















 (1; 3; 1=3); e
a
R
 (1; 1; 1); (2)
where a=1,2,3 is the generation index.
Two of the three quarks generations transform identically and one generation (it


















 (3; 3; 1=3);
u
1R
 (3; 1; 2=3); d
1R
 (3; 1; 1=3); F
R






















 (3; 1; 2=3); d
iR




where i = 2; 3.
It is easy to check that all gauge anomalies cancel with the above choice of gauge
quantum numbers. Fermion mass generation and symmetry breaking can be achieved
with just three SU(3)
L








































 (1; 3; 1=3); (4)
and if  gets the vacuum expectation value (VEV):
hi
T
= (0; 0; !=
p
2); (5)
then the exotic 2/3 and -1/3 quarks gain masses and the gauge symmetry is broken to




























3). Note that Y is identical to the
standard hypercharge of the SM. Electroweak symmetry breaking and ordinary fermion
mass generation are achieved with two SU(3)
L
triplets ;  which we dene through































































































 (1; 3; 1=3): (8)
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2; 0; 0): (9)
The last term in Eq. (7) gives the 3  3 antisymmetric mass matrix, which has eigen-
values 0; M;M . Hence one of the neutrinos does not gain mass and the other two
are degenerate, at least at the tree level [5]. The VEV hi will generates masses for the
three charged leptons, two up-type, one down-type quark and two of the neutrinos will
gain degerate Dirac masses with one necessarily massless, while VEV hi will generate
masses for the remaining quarks. The VEVs hi and hi also give the electroweak




















































) the correct W;Z mass relation ensures,
and the model essentially reduces to the SM provided hi  hi; hi.
The most general Higgs potential (i.e. the one including all terms consistent with
the gauge invariance and renormalizability) is very complicated. However, as mentioned
in previous work [7], under the assumption of the discrete symmetry, hi !  hi, then
the most general potential can be written in the following way:

























































































; : : : ; 
10
 0. The minimum of this potential occurs when the Higgs triplets
; ;  have the VEV as in Eqs. (5,9).
III. Gauge bosons















. It is easy to
see that the massless G
a

gauge bosons associated with SU(3)
C
groups decouple from





gauge bosons in covariant derivative. The gauge boson mass matrix

































































) = 2, and N denotes the N charge for
three Higgs multiplets.














































































. This statement is very important,
because the new gauge bosons must be suciently heavy to keep consistency with low
energy phenomenology.




















































As in the SM we put g
0
= g tan 
W































has to be smaller than
3
4
































































































































with the notation t = g
N
=g. This mass matrix can be diagonalized to obtain the
eigenstate elds.













































































































































































































































Diagonalizing the mass matrix gives the mass eigenstates Z and Z
0



























































































































). Here W;Z correspond to the







. A t to precision electroweak observables gives a limit on the mixing
angle (see below) of   0:0122 and from the symmetry-breaking hierarchy !  u; v




















IV. Charged and neutral currents







































where R represents any right-handed singlet and L any left-handed triplets or an-
titriplets.
















































































































bosons violate both the lepton
number (see Eq.(30) and the weak isospin (see Eq.(31)).
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where f is any fermion with Q
f
= 0; 1; 2=3; 1=3 and the electric charge e is identied
as follows
e = g sin 
W
: (33)








































where f is any fermion. The couplings of fermions with Z and Z
0

















































































(f) and Q(f) are, respectevely, the third component of the weak isospin and
the charge of fermion f . Note that for the exotic quarks the weak isospin is equal to
zero. Eqs. (35) are valid for both left- and right-handed currents. Since the value of
the N is dierent for triplets and antitriplets, the Z coupling to left-handed ordinary
quarks is dierent for the rst family and thus avor changing proportional to sin.
Since the mixing angle is very small the FCNC can be only probed indirectly at present
via the Z
0
coupling ( cos ).




























































































































































































































are listed in Tables 1 and 2.
TABLE 1: The Z ! f




















































































































































































































































































































































































































































































We can realize that in the limit  = 0 the couplings to Z of the ordinary leptons
and quarks are the same as in the SM. Furthermore, the electric charge which is dened
as in Eq. (33) agrees with the SM. Because of this, we can test the new phenomenology
9
beyond the SM based on experimental data. In this model, the exotic quarks have
electric charge 2/3 and -1/3 the same as the ordinary quarks. A consequence of this
is that the exotic quarks can mix with the ordinary ones. This type of mixing gives
the FCNC's. These FCNC's will be induced due to break down of the GIM mecha-
nism. This type of situation has been discussed previously and bounds on the mixing
strengths can be obtained from the experimental non-observation of FCNC's beyond
those predicted by the SM [10].





violate the lepton number as well as the weak isospin, but
it is not in the neutral exchanges ones.
V. Phenomenological analysis
In this section we calculate a Z width, a cross-section for 

  e scattering.
1. Z decay modes




, the partial decay width of the Z to f
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here l = e; ;  . By assuming the mass of all the ordinary fermions except the t quark
(for denity, t quark belongs to the antitriplet) to be much lighter than the mass of the
Z boson and the mass of the exotic fermions is havier than the mass of the Z boson,
then the total width of the Z boson is given as
 
total











































































































































































The rst factor in the right-handed side of Eq. (40) is the result in the SM. Taking the
experimental result given in [11] we get




= 0:2319 is used. It is easy to see that in the limit  = 0 Eqs. (39) - (40)
are the same as in the SM.
2. Neutrino-electron scattering
The eective four-fermion interactions relevant to -fermion neutral current pro-







































































































Then the total cross-sections for 

  e and 

































































































































































In the above equationsm
e
is the mass of the electron and E

is the energy of the incident



























which is the same as in the SM [12].






given in [12] the allowed
ranges of the new gauge boson masses are M
Z
0
 228 GeV. Thus Eq. (28) gives a limit








In this paper we have investigated the 331 model with right-handed neutrinos in
detail. We have shown that this model has more advantages than that of the original
331 model [4]. Firstly, in Higgs sector, we only need three Higgs triplets for generating
the mass of the fermions and gauge bosons as well as breaking the gauge symmetry.
The following good point of this model is that in the limit  = 0 all couplings of the
ordinary fermions to Z boson are the same as the SM. In this model there is no limit







. The data from the Z decay gives the mixing angle
  0:0122. Combining this result with the data from 

  e scattering process we get
the mass of new neutral gauge boson M
Z
0
 228 GeV. Finally we emphasize again that




  e scattering processes allow
us to estimate the mixing angle  and the new gauge boson masses.
Summarizing, we have shown that because of the Z Z
0
mixing there is a modica-
tion to the Z coupling proportional to sin, and the Z decay gives   0:0122. The data
from 















GeV. We think that new physics can arise at not too high energies.
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